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AlBTRACT 
One hundred and thirty-five steer and heifer carcasses were 
used to study the relationship of intramuscular and subcutaneous fat 
to the physical and chemical composition and to the organoleptic 
properties of beef. Steer carcasses ranging in USDA grade from high 
standard to high choice and heifer carcasses ranging from low good to 
hich choice were included • 
. A.significant (P < O.OS) positive relationship existed between 
USDA carcass grade and taste-panel tenderness scores ot 6-7-Bth rib 
roasts •... Grade, Mrbling and percent ether extract of longiesimus 
dorsi muscle were each significantly (P < o.oS) related to juiciness -- . . · ... 
scores. _of 6-7-Bth rib roasts and club steaks. These relationships 
were not generally high and were somewhat inconaisient. Overall grade. 
marbling or percent ether extract of!• dorsi muscle had al.moat the 
same influence on the eating quality of beef. Eating quality was not 
significantly' (P < O.OS) affected by- .fat thickness. For 'the 9-10-
llth rib roasts .from both sexes, percent separable fat was influenced 
more by_.fat_thiclmess than by grade. 
Percent protein content of cooked rib roasts had a significant 
poaiti�e �uence on shear values obtained on roasts from heifers 
and a ai�t;oant negative effec� on juiciness scores of roasts trom 
both s��es. Flavor was signiticantl7 related to percent protein con­
tent ot cooked roasts from heifers. Juiciness and tenderness scores 
1J9re sign:1.ficantly (P ( O.OS) increased as percent ether extract of 
cooked roasts from heifers increased. Percent protein content of 
cooked steaks from both sexes had a significant positive effect on 
shear value of club steaks and a significant negative effect on juici­
ness. For steaks from steers tenderness and navor scores were signi­
ficantly affected in a positive and curvilinear manner by' percent 
protein content of cooked steaks. 
It was concluded that USDA quality grade and marbling cannot be 
used effectively to predict the degree of eating satisfaction experi­
enced by the consumer. 
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CHAPTER I 
INTRODUCTION 
The volume of research dealing with the factors which affect beef 
palatability is rather large. The effects of changes in composition, 
processing techniques, cooking procedures, animal maturit7 and a ho.st of 
other variables have been investigated by' numerous workers. 
Consumer satisfaction must be one ot the ultimate goals of the 
beef producer. Beef which is tender, juic7 and navortul and is tabri• 
c��e� from carcasses with the minimum of fatness to insure these organo­
lepti� properties should maximize profit to everyone in the beet produc­
���P. chain from the producer to the retailer. Since the eating qualit7 
or today's beef apparently fulfills the consumer's,desires, any recom­
����ed production procedure which might have a deleterious effect upon 
�.asp�ct of this quality must _be viewed with trepidation. 
b11A" '.• ... _ .. ' 
7'he ··effects of fat on the eating quality of beef have been the 
c.01?,9em, of maey researchers. The results of their findings do not 
�!e�ly\indicate the degree of fatness necessary to insure the greatest 
degree pf palatabilit7 while minimizing the trimmable or waste fat in 
���- �a�9ass. 
The objectives of the research reported herein were• 
1. To elucidate the effects of variation in marbling on tender­
ness, juiciness and flavor of beef from carcasses of similar maturit7. 
2. To investigate the effects of variation in the level of sub-
1 
cutaneous fat on eating quality of beef from carcasses of similar 
maturity. 
J. To study the interrelationships among adipose tissues and 
their effect on eating quality. 
4. To determine the relationships among composition variables 
of raw and cooked cuts and eating quality variables. 
2 
CHAPTER II 
REVI&W OF LITERATURE 
A tremendou,s amount of research has been conducted to find methods 
of improving the eating quality of beef. However, the quality character­
istics associated with consumer acceptance are extremely variable, and 
the exact cause for much of this variation has not been determined. 
Brady (1957) concluded that most consumers know very little about 
beef quality or grades. Consumer dissatisfaction with beef seemed related 
��stl.y to tenderness. There was a general aversion to fat. The conswner 
�anted an al.most impossible combination of leanness, juiciness, tenderness 
and flavor. It was admitted that providing this is difficult but not im­
possible. 
Inf'luence of Grade on Eating Quality 
Most of the research related to USDA grades indicates that car­
casses with higher grades are expected to provide more palatable cuts. 
Since major changes in grades were made in 1950, it is difficult to in­
terpret the results of studies of grade conducted prior to that date. 
�search results concerning specific differences between grades and the 
magnitude of these differences have been ext�emely varied (Briskey and 
�ay,. 1�64) . 
. . Increases in overall palatability or beef have been reported to 
�-·�ghly related to increases in carcass grade (Black, Warner and Wilson, 
1931; Cole, Backus and Orme, 1960J McBee and Wiles, 1967; and Simone, 
Carrol and Clegg, 1958). However, other workers indicated no significant 
3 
4 
relationship between carcass quality grade and the overall palatability 
of the subsequent meat product (Kidwell et al., 1959; and Satorius and 
Child, 1938). 
Consumer acceptance studies have indicated that tenderness is the 
most important factor related to satisfaction during consumption (Rhodes, 
Kiehl and Brady, 1955 and Van S;yckle and Brough, 1958). Tenderness can 
be 1!8�sured in the laboratory using either a laboratory taste-panel com­
posed of trained evaluators or a mechanical device. Relatively' low, but 
significant positive coefficients of correlation of 0.45, 0.40, 0.20, 
0.39, and 0.28 were found for the relationship between carcass quality 
grade and taste-panel tenderness by Alsme;rer et al. (1959), Harris 
et al. (1965), Hiner (1956), King (1958) and Palmer et al. (1958), res-- -
pectively. Brown, Bartee and Lewis (1962) reported negative coefficients 
�f.co�relation between the same two variables, -0.40 for bulls averaging 
700 lb live weight and -0.65 for steers averaging 700 lb live weight. 
Suess et al. (1966) also reported a coefficient of correlation of -0. 23 
;, -
between carcass quality grade and taste-panel tenderness. These re­
searchers suggested that carcass grade was a relatively unreliable indi­
cator of tenderness. 
Positive but non-significant correlations of 0.43, 0. 26 and 0. 12 be­
t�een Warner-Bratzler shear value (W-B) and carcass quality grade were 
reP.�r:ted by Brown !i.!.!• (1962), Cover and Hostetler (1960) and Cover, 
(inf and Butler (1958), respectively. However, a few workers have found 
re�atively low, significant negative relationships between shear force 
values and carcass quality grade (Abraham, 1967; Cover and Hostetler, 
1960; Cover et al., 1958; Hasaini, Dea�herage and Kunkle, 1950; King, 
1958 and McBee and Wiles, 1967). 
. -
Palmer et al. (1958) in a large study (536 animals) found that grade -
accounted for only 8 percent of the variation in tenderness and total pala­
tability. Comparing Prime and Good grades, Doty and Pierce (1961), in a 
study of 153 cattle, found the Prime grade to be superior to the Good grade 
in tenderness. In a study of 334 beef carcasses, including steers, heifers 
and cows, Iropf and Graf (1959) reported larger but non-significant differ­
ences in tenderness among th• higher grades. 
In an extensive study or loins varying by one-third of a grade from 
Low Good to High Choice, Nauman et al. (1961) found no natural breaks in de­
gree of apctptability. The 560 loins used in this stud7 were graded on the 
carcases 1:?efore removal. A positive but weak relationship existed between 
grade and c�nsumer acceptance. The distributions of the adjacent grade seg­
ments, High_.G<:>od and Low Choice, overlapped considerably. 
Col�,�nd,Badenhop (1958), liehl (1960) and Harrison et al. (1959) 
round a preference for higher grades, but, in general there was no differ­
ence in eating. characteristics or Good and Choice carcasses. Most Choice 
and Good carcasses were inferior to Choice carcases. Iiehl (1960) pointed 
out that it is the occasional "odd-ball" or "counterfeit" with respect to 
\ t · ,:.. . 
palatability_wh!ch causee merchandising difficulties. Lewis, Bray and 
Brungardt (1964) noted an increase in tenderness as grade increased from 
Standard to Prime. However, Cover (1937) and Lane and Walters (1958) re­
ported that_ variation in tenderness was as great within grades as between 
grades. They suggested that carcases in the lower grades were as likely to 
be as ten�er a� those in the higher grades. 
Tenderne�s is undoubtedly related to a number of factors that are not 
considered in current quality grade standards. The literature pr�usly 
cited indicates that carcass grades are neither accurate nor precise in 
6 
classifying carcases according to tenderness. However, if an exact indi­
cator of tenderness exists, it should certainly be incorporated in the 
USDA grading standards. 
A significant positive relationship between meat juiciness and car­
cass quality grade was reported by Hiner (1956), ling (1958) and McBee and 
Wiles (19��)� !{owever, Brown et al. (1962) and Suess!!...!!• (1966) found 
negative an� �on-significant correlations of -0. $0 and -0. 11, respectively" 
between ,iea� j�ciness and carcass quality grade. These researchers indi. 
cated tha� carcass quality grade was not an accurate indicator of juiciness 
in meat. 
�ghly �ignificant correlations of 0.25 and 0.32 were found between 
quality grade ancf meat flavor by Hiner (1956) and �ing (1958) respectively. 
However, negative correlations of -0.14 for bulls and -0.33 for steers were 
found 1)7 �own!!...!!• (1962) between these same variables. These data are 
evidence that. d•sirable navor components :may be located in fatty tissue of 
meat. However, only- about 7 percent of the variation in flavor can be ac­
counted tor by knowledge of the USDA carcass grade (Jeremiah et al., 1970a)� 
Influence of Finish on Eating Quality 
Research indicates that USDA quality grade and marbling score are 
both positively associated with the level o� finish \he animal has at­
tained at the time o.!'slaughter. Jeremiah !l...!!• (1970), in a study' in­
volving 1,710.steers, found a highly significant positive correlation of 
0.28 for1 Angua steers, 0.35 for Hereford steers, 0. 47 for Shorthorn steers 
and O.)� _for crossbred steers between fat thickness and USDA quality grade. 
Another highly significant positive correlation of 0.69 was found by" 
Wellington and Stouffer (1959) between fat thickness and USDA quality 
7 
grade in a study involving cattle which were variable in finish and 
marbling. 
Highly significant positive correlations between subcutaneous 
fat thic�8S and marbling score were reported by Jeremiah!.!..!!• (1970). 
The values obtained were 0.28 (Angus steers), 0.37 (Hereford steers), 
0.42 (Shorthorn steers) and 0.35 {Crossbred steers). Wellington (1968) 
fo�d J highly significant correlation of 0. 23 between the same variables 
in Holstein steers. But Ramsey, Cole and Hobbs (1967) found nonsignifi­
c�t correlations -0.15 (Jersey steer8) and 0.19 (steers variable in 
�r�ed) between subcutaneous fat thickness and marbling score. 
It appears from these findings that only about 14 percent of the 
yaz.-iat!on in USDA quality grade and marbling score is accounted for by 
the level of external finish. These researchers indicated also that fat 
i� ess�ntial in producing meat with high USDA grades and, thus, higher 
P!latability with increased fatness is implied • 
. Some research findings suggest that fatter animals produce more 
p�latable cuts. However, the differences are small and inconsistent. 
H�ins and Ellis (1939) used a group of 728 cattle, which varied·widely 
��� respect to fat cover, to study fatness in relation to quantity and 
quality factors of beef carcasses. A low correlation (r • -0.11) was 
fo�d between percentage of fat (ether extract, EE) in the!� dorsi 
muscle of the 9-10-llth rib section and tenderness of the same muscle. 
�hese workers concluded that variation in tenderness was caused JUinly 
by factors other than fatness. Barbella, Tanner and Johnson (1939) 
studied 728 cattle, ranging in weight from 250 to 1,580 lb and in age 
from 8 to 42 months, to study the relationship of flavor and juiciness 
8 
of beef to fatness and other factors. They found small but statistically 
significant associations of degree of fatness with desirability and inten­
sity of flavor of fat and with quality (richness) and quantity of juice. 
Cover, Butler and Cartwright (1956) studied the relationship of fatness in 
yearling steers to juiciness and tenderness of broiled and braised steak. 
Forty-seven Hereford and ,o Brahman x Hereford steers were used. Fatness 
was aeas:ar�d_by' phy'aical separation, by estimated marbling and by' percent 
EE of trimmed muscles. Juiciness scores were shown to be more clo1eq cor­
related �th_fatness in broiled'longisaimus � than in braised!• � 
or in b�oiled_ . or braised biceps femoris • Juiciness scores were more 
oloseq ,correl,ted with ether extract than with other measures of fatness. 
Fatness s�emed more closely related to tenderness scores in the bottom round 
•uscle than µi the ·loin muscle. Tenderness scores were more highly corre­
lated with ether·extract than with measures ot fatness. Variations in tat-
... . ... 
ness ot loin steaks cooked by broiling accounted for only about 10 percent . . � 
of the V@ri��ign in tenderness and about 25 percent of the variation in 
juiciness. Fatness of the braised bottom round muscle accounted for about 
30 percent of the variation in tenderness and about 5 percent ot the varia­
tion in·jui9,in•ss. Pilkington, Walters and Whiteman (1960) showed that fat 
content of beet ribs was positively correlated with tenderness. 
:S,.oku, !:L!!• (1967), Cole et al. (1966) and Husaini et al. (1950a) 
conclude� that _the degree ot finish is not a determinant of meat palata­
bility� that selection based upon degree of finish would be ineffective 
in improving �ating quality. These reports disagree with the results of 
Barbella et al. (1939), who reported higher-juiciness scoresJ Iidwell et al. -
\(19S9), who reported higher navor scores and Simone, Carroll and Clagg{l9$8) 
who reported higher tenderness and flavor scores for beef cuts from 
cattle possessing higher degrees of finish. 
Influence of Marbling on EatiAg Quality 
If finish contributes to the eating quality of a meat product, 
then some measure of finish deposited within the �uscle should serve 
9 
as an indication of its relative palatability. Marbling score is one 
of . several factors related to the palatability of beef, according to 
�oty ,and Pierce (1961). Marbling has been correlated with overall eat­
ing satisfaction, and rather small correlations were reported by Kropf 
and _Graf (1959) (r = -0.0.3) and Rea (1968) (r = 0.10). However, Legg et al. 
(1965) found a significant correlation of 0.28 between :marbling score. 
and �e•f palatability. Other researchers have concluded that marbling 
qc:,e� n9t contribute to overall eating satisfaction in beef (Gilpin, 
�tcher and Deary-, 1965). 
\ 
Therefore, marbling does not appear to be a 
Jll&jor factor in the determination of overall palatability in beef • 
. , 
1
Rogera et al. (1966) stated that, although the usefulness of 
�b�g in predicting palatability or meat is not necessarily high, 
�herreiationehip between the two variables appears to be positive. 
Shear values of cooked rib steaks indicated that those with a "devoid" 
�bling score were less tender than those with "traces" of marbling. 
�teaks 1 with these two degrees of marbling were significantly less 
t�nder;than those having "alight, " "small, " "modest, " "moderate" or 
:sligh!,17 abundant" marbling scores. Wellington and Stouffer (19S9) 
used.121 beef cattle of widely' varying fatness and :marbling to study 
the infiuence of marbling on tenderness and juiciness. The differ­
ences in tenderness among beef from carcasses of d.ifferent marbling 
score classes as measured by mechanical shear resistance of cooked 
!• dorsi were not significant. However, tenderness evaluation 
10 
by an experienced sensory panel was positively correlated with marbling, 
but the differences in tenderness associated with marbling accounted for 
only 7 percent of the total variation in tenderness. Sliger (1966) 
used 136 beef females ranging in age from 3.to 211 months to study the 
influence of chronological age on carcass composition, meat character­
istics and palatability. The coefficients of simple correlation between 
marbling score with shear value (-0.01) and with sensory panel tenderness 
score (-0.13) were not significant. 
Walter et al. (1965) emphasized the finding that tenderness was 
�ot affected by marbling over a wide range of marbling while Romans, 
Tuma and Tucker (1965) found no significant difference with respect to 
!:lither shear force or panel tenderness between ·"slight" and "moderate" 
marbling groups. Tuma et'a1. (1962) found that the association between 
marbling and tenderness varied with animal age. 
Hendrickson and Moore (1965) reported that fat within muscle was re­
latinly uni.Jlportant in steaks f'roa animals under 20 months of age, but, 
:l.n their data, it did play a more important role in determining tenderness 
of steaks from older animals. Alsmeyer !l.!!· (1959), Cover, King and 
Butler (1958) and Palmer (1958) found.that variation in marbling acc�unted 
for 6. 9, 10.0 and ll. O peroent reepectivel.7, of the variation in tender­
ness. Breidenstein�· (1968) and Wellington and Stouffer (1959) 
stated that factors other than :m.arblini must have a greater infiuence on 
muscle tenderness than does marbling itself. 
The majority of published research indicates that marbling con­
tributes to the tenderness of meat but that it does not account for a 
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large portion of the total variation (Blumer, 1963; Harris et al. , 196$ 
and Suess et al. , 1966). 
Jeremiah et al. (1970'1) stated that marbling serves only as a di­
lution factor so that, within a given area of muscle, fewer muscle 
fibers must be severed in the chewing or shearing process. 
Another important criterion for evaluation of meat by the con­
s�er_is juiciness of the cooked product. A positive and significant 
effect of marbling upon juiciness of meat was fo�d by many workers. 
�Wiler (1963), considering extensive evidence, noted that marbling and 
jui�iness were significantly correlated but that the correlation was 
onq about 0.38, which would be sufficient to account tor only approx1-
J1Ml1ie]Jr_.1S percent of the variation in juiciness. Hiner and Yao (19.54) 
found t�e quality of juice to be related to urbling and to be highly 
��;itable. Weir (1960) reported that the taste sensation induced by 
juiciness in cooked meat was cloee]Jr related to intramuscular fat con-
�.; ' . .  
tent and that tenderness and juiciness were closely associated. Dot7 
� �erce (1961) found a significant relationship.between marbling 
anci juiciness but observed that this relationship was not apparent . . ' 
!d1e� marbling score was above "moderate" to "slightly abundant.11 
��llinJton and Stouffer (1959) found a significant increase in the 
��oiness of beef as the degree of urbling increued. Sliger (1966) 
f�µnd �hat marbling score was significantly associated with panel 
j�C�f88 score (r • o.48). Therer·ore, it appears that marbling con­
�ributes to juiciness in cooked meat products, although this does not 
agree with the results of Goll et al. (196.S) and Walter et al. (196.S). ------- .• ----
The other important c011ponent contribu�ing to overall acceptance 
or eating satisfacti�n rating is navor. The characteristic fiavora 
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�esponsible for distinguishable differences in flavor and aroma of beef, , 
pork, lamb and poultry are derived from comp.ounds ·thought to reside in 
the fatty tissues or the mu8cle, according to Jeremiah et al. (1970a). 
Research indicates that increased intromuscular fatness is positively 
associated with desirability of beef flavor. Blumer (1963) reported a 
��gh�ed coefficient of determination of 5 percent. Sliger (1966) found 
t��t �bling score was significantly related to flavor ·score (r • 0.36). 
Fi491d, Nelms and Schoonover (1966) reported a highly significant oorre­
:tati�n .. of 0.57 between marbling scores and flavor scores of beef from 
steers and heifers. However, a relatively low percentage of the total 
!&riation in navor can be attributed to variations in marbling· as re­
ported by Jeremiah et al. (1970a), but Rea (1968) reported a low corre­
lation -0.08 between marbling and flavor scores for bulls and steers or 
$00. t� 800 lb live weight. 
Evidence indicates that marbling or fat content of the muscle 
does nQt g�ve much indication or assurance of the organoleptic proper­
ties of beet. 
� �···· I' 
It appears from the foregoing review that USDA quality grade, 
subcutaneous £at thickness and marbling sco�e cannot be used very effec­
tively to predict the degree or eating satisfaction experienced by a 
qo�umer in eating beef from carcasses on which these variables were 
•aaured. 
' . . . 
Efforts should be made to change the qualit7 grading standards 
�? tha� quality grade would be a more reliable indicator of eating 
quality. This would require studying the relationships of chemical 
composition of raw and cooked beef with eating quality and developing 
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quali t7 grade standards on the basis of findings in such studies. A 
grading system developed in this manner, namely, by modifying the pre­
s�n� weights given the various visually determined carcase character­
istics in arriving at quality grade to make them proportional to their 
relationship to eating quality, would be useful to all segments of the 
industry in making for more effective production of beef which satisfies 
the consumer's desires, 
CHAPTER III 
EXPERIMENTAL PROCEDURE 
Data were collected from 68 steer carcasses weighing 550-650 
pounds and 67 heifer carcasses weighing 450-550 pounds obtained from a 
local packing plant. Production history of the cattle from which the 
carcasses came was unknown. Steer carcasses ranging in USDA grade from 
high standard to high choice and heifer carcasses ranging from low good 
to hich choice were included. One to nine carcasses of each one-third 
grade class in each sex representing the subcutaneous fat thickness range· 
nonaalq found in each one�third grade class were selected. 
Carcass ·Data Obtained at the Packing Plant 
Individual hot carcass weight,.marbling score, muscle color score 
muscle firmness score, conformation score, carcass grade and fat thick­
ness at the 12th rib were recorded for each carcass selected for the 
study. 
After being •asured and graded, the left aide of each carcass 
was purc�ased and brought to the meat laboratory or the University of 
�,nnessee at Knoxville for detailed cutting tests, chemical analyses and 
organoleptic studies. All carcasses were aged for seven d� post-mortem 
before they were processed. 
Data Obtained at the Meat Laboratory 
The carcass halves were then dissected into wholesale cuts as 
described b,- Wellington (1953). The round, loin, rib and chuck were 
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further cut into trimmed, partially boneless retail cuts. Subcutaneous 
tat in excess ot three-eighths inch was trimmed. Intermuacular fat was 
. removed . when it was possible to do so without dividing the muscles of 
the cut. The chine bones were removed frOJll the blade pot roasts and 
sections of ribs and sternum were removed from the arm pot roasts. The 
c�e bones and rib ends were reaoved from the rib roasts. 'l'h4t sacral 
, ,  
'V!rtebr�e were removed from the sirloin steaks, and all bones were re­
moved .trOll the rump roasts. 
The 6�7-Bth rib roast and two one-inch thick club steaks were r•­
t�d �- each carcass for determination of palatability, shear value 
u.id. chea,ical properties. The roasts were wrapped and frozen at -2,0c. 
Af�r . .  r�eezin• they were stored at -18
°c until the7 could be cooked for 
se.n�ory, evaluation. Storage time varied with the teat materia1J the 
roasts were held from four to twelve months. 
;r..,.,.,,._,.;,; .• � . � 9-10-llth rib roast was separated in-to lean, tat and bone. 
ff.l, . !• � was excised from the twelfth rib section and ground for 
chellical determination or amount ot intramuscular fat. A one-inch thick 
club steak was separated into lean, fat and bone, and the lean and rat 
protions were mixed together and prepared tor chemical analyeia. 
Cooking and Palatability Data 
, ,  The cooking of the 6-7-Bth rib roasts for coolcing, palatability 
and shear tests was done b7 the personnel of the Food Science and Insti­
tution �g••nt Department ot the College of HOl'le Economics. Roasts 
were cooked in groups of four. Roasts from steers and heifers were 
cooked _ separately. For assignment to cooking groups, the roaat1 from 
each sex were divided into four groups according to tat thickness and 
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grade (Tables ·I and II). One roast from .each of the four divisions was 
. -
randomly selected and comprised a '111it for cooking. 
Roasts were thawed at room temperature on the day prior to cook­
ing and then refrigerated over night. Weights were taken to determine 
cooking time. For cooking, roasts were placed rib side down in roasting 
pans in a rotary- Despatch oven that had been preheated to 163°c. The end 
point temperature of 68°c was determined by mercury tilled thermometers 
tha� ha� been inserted in the center of the!• dorsi muscle. Roasts were 
p�,ced in the oven at different times in order that they would reach the 
end point temperature at approximately the same time and about one hour 
before.the scheduled panel session. The cooked roasts were placed in a 
holding ove� -�t 66°c until the!• � muscle was removed and sliced for 
the sensory evaluation • . .  The 6th and 7th rib areas were sliced with a 
aob�t, electric meat slicer into 3/16 inch slices which were numbered 
frqm the sixth rib end so that each judge received a · half slice from the 
same re�ative location in each roast. The scoring sessions !or the roasts 
were . scheduled at ll l OO a.m. on Monday, Wednesday and Friday to obtain a 
sµbject�ve measurement of tenderness (scale of l to 10), juiciness and 
.t:J.av� (scale of 1 to 9). For correlation of objectively Maaured tender­
ness with the judges score for tenderness, a three-inch section from the 
e�ghth rib end of the!• dqrsi muscle was removed .from each roast, and 
t�o o�e�inch cores were obtained for shearing with the Warner-Bratzler 
a�e� �e,vice. F.ach core was sheared three times and placed in plastic 
b�gs for freezing prior to chemical analysis. 
The two club steaks from each carcass were o•oked using the same 
groupings as were used for the roasts. A rotary gas grill was used for 
Test 
Number 
1 
2 
.3 
4 
5 
6 
7 . 
8 
9 
16' 
11 
12 
1.3 
14 
15 
16 
17 .... . . 
TABLE I 
PIAN FOR SCORING TESTS OF 6-7-Bth RIB ROASTS 
AND CLUB STEAKS OF STEERS 
USDA Grade 
a 
8 11 12 
8 11 11 
10 12 · lh . 
9 11 12 
9 11 12 
9 1.3 1.3 
9 10 - 14 
9 11 11 
8 11 1.3 
10 10 1.3 
10 12 10 
, 10 10 14 
9 13 12 
10 10 12 
9 11 14 
8 10 :1.3 
8 12 .14 
1.3 
12 
1.3 
14 
14 
14 
14 
14 
14 
12 
12 
13 
13 
12 
12 
12 
1.3 
8Numbers represent the following grades, 8 = High Standard, 
9 a Low Good, 10 • Average Good, 11 = High Good, 12 • Low Choice, 
1.3 = Average Choice, 14 = High Choice. 
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Test 
Number 
1 
2 
.3 
5 
6 
1 ·a 
9 
10 
11 
12 
13 
14 
JS 
16 
17 
TABLE II 
PIAN FOR SCORING TF.STS OF 6-7-Bth RIB RQA.STS 
AND CLUB STEAKS OF HEIFERS 
Numerical USDA Grade a 
11· 1.3 10 
14 14 14 
13 11 12 
13 10 12 
12 11 14 
11 12 1.3 
11 12 12 
14 12 12 
11 11 10 
14 9' 11 
14 11 11 
10 13 12 
11 ·, 12 10 
13 9 14 
. 9 12 13 
14 13 13 
14 13 13 
14 
10 
9 
11 
10 
9 
11 
10 
13 
11 
1� 
14 
14 
. 11 
14 
11 
8Nual:>era represent the following grades, 9 • Low Good, 
10 • Average Good, 11 • High Good, 12 = Low Choice, 13 • Average 
Choice, 14 • High Choice. 
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cooking. A meat thermometer was inserted into the center of the 1 .  dorsi 
muscle of one steak of each pair. Steaks were cooked to an internal 
temperature of 68°c .  One steak from each pair was used for sensory panel 
evaluation or tenderness, juiciness and flavor. Three one-inch cores were 
removed from the 1. dorsi of the other club steak and sheared one time --
each to obtain an objective evaluation of tenderness. The sheared cores 
were retained, placed in plastic bags and frozen for subsequent chelld.cal 
analysis. 
Chemical Analysis Data 
The sheared cores from both the roasts and steaks were r1ne17 ground, 
mixed. and frozen until the time or analysis. The samples were taken from 
the freezer, allowed t� that slightly and re-mixed before sampling. 
Modified A°"-C (1960) methods were used to determine moisture, 
ether extract and protein contents. 
The excised 1. dorsi muscle from the twelfth rib and the mixed --
separable fat and lean f'rom the one-inch thick club steak section were 
chemica�ly' analyzed by the same procedures. 
Method of Analysis 
The data were statistically analyzed using the method or least 
s�uare� .as described by Harvey (1960). 
_ .�or the analyses or multiple regression of each or the twenty­
f�ur dependent variables (See Table III) on grade, :marbling and fat 
::. 't.> · . ;, 
thickness, three models were specified. The general . forms of these models, 
written from a sample standpoint, were as follows: 
Orgailolej>tic Pr�··· 
Tenderness 
Juiciness 
Flavor 
·:.TABIE III 
DEPENDEliT VARIABIES 
��i_?l .. Properti•• 
Percent separable rat� 
Percent separable leanb 
· Chn:l.cal Pr!?E!rties0 
Percent protein 
Percent ether extract (EE) 
Warner-Br�t�.ler shear value (W-Bt Percent moisture 
a . : . These variables were all measured on 6-7-Bth rib roasts and on club steaks. 
b ·  These variables were ail measured on 9-10-llth rib roasts. 
cTheee variables were measured on raw club steaks and excised 1 .  dorsi muscle, 
on cooked club steak� and on rib roasts. 
-
I\) 
0 
where 
random error 
(3 )  Yi � ! + bl(Xli - fl) + b2 (X�i - fi) + bl(I21 - f2) 
2 2 + b2 (x21 - f2) + random error 
Yi • dependent variable recorded for the 1th carcass 
! • onrall mean 
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Xu• grade, marb
ling or ether extract or 1 .  � muscle or 1th 
carcass 
r i� . ,  x21• fat thickness at the 12th rib of 1th carcass 
b1 = estimate or coefficient of regression of Y on the indepen­
dent variable in question 
b2 = estimate of coefficient of regression or Y on th� square or 
the independent variable in question 
The data from the two sexes were analyzed separately. In the 
steer data i = 1, 2, • • •  , 68, and in the heifer data i = 1, 2, . 
67 . 
. . , 
For the analyses of multiple regression of each of four dependent 
variables measured on rib or club steaks and roasts namely, tenderness 
score, Warner-Bratzler shear value, (W-B) , juiciness score and flavor 
score, only models (1) and ( 3 )  above were used where , 
I
ll
= percent protein of cooked rib roast or club steak from the 
1th carcass 
x
2i 
• percent ether extract (EE) of cooked rib roast or club 
steak from the ith carcass. 
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For both steer and heifer carcasses, each dependent variable was 
subjected to ana]Jrsis by each of the above mentioned models. The appro­
priate model for each variable was chosen by examination of the signifi­
cance lerel for the quadratic term for each independent variable. 
All tests of significance were for significance at the 5 percent · 
level of probability of chance occurrence (P < 0. 05) or at the one per­
cen� lev�l of probability (P < 0.01) of chance occurrence. Throughout 
the tables showing the results, the conventio� of using one asterisk to 
denote significance at the 0 , 05 level and two asterisks to denote signi­
ficance at the 0. 01 level was followed. 
CHAPTER IV 
RF,SULTS AND DISCUSSION 
I. INFLUENCE OF INDEPENDENT VARIABLES ON ORGANOLEPTIC 
PROPERTIF,S OF RIB ROASTS AND CLUB STEA.KS 
Tenderness 
Grade. A multiple regression anal)"ais which included carcass fat 
thickness as an independent variable in the model was used to assess the 
effect of USDA quality grade on tenderness score recorded by taste-panel 
members (Table IV). Hereafter, this variable will be called taste-panel 
score. The fraction of the variation in tenderness of the roasts which 
could b.e explained by variation in grade and fat thickness was quite 
2 ·  
s�ll fo� both heifers and steers (R • 0.07 and 0. 13, respectively). 
The �oefficients of partial regression of tenderness of roasts on grade 
were. significant for both sexes (b1 = 0. 2495 for heifers and 0. 3948 for 
st�e�s). The fractions of the variation in tenderness of steaks which 
coulq l?.� �ttributed to changes in quality grade and fat thickness also 
were small (R
2 • 0. 12 and 0.02, respectively). Partial (fat held con­
stant) . regression coefficients indicated a negative relationship between 
carcas� _ grade and tenderness of the club steaks (b
1 • -0. 0856 and -0.0657 
fo� heifers and steers, respectively). The quadratic effect in the re­
gre��iop ?f tenderness of steaks from heifers on grade indicated that 
the _ relationship was curvilinear (b2 • -0. 1249). The difference in the 
relationship between grade and tendernese of roasts compared to that in 
steaks is difficult to explain. The 1. dorsi was the muscle used for - -
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TABIE IV 
INFLUENCE. OF- USDA QUALITY GRADES AND FAT THICKNESS ON ORGANO-
LEPTIC PROPERTIES OF RIB ROASTS AND CLUB STEAKS 
DIE Roasts Club Steaks 
Warner- Warner-
Taste Bratzler Taste Taste- Taste- Bratzler Taste Taste-
� Panel Shear Panel Panel Panel . Shear Panel Panel 
Tenderness Value Juiciness Flavor Tenderne•s Value Juicineae Flavor 
Hailers .. -
"1ean 6. 24a- i8.436 - 6.899 6:540 ' 6.909 16�·307 7 .049 7. 007 
s.n. a 1. 361 - J.444 5.522 o.5Wi 1. 128 3.81.h 0.515 o .549 
Grade �1 · 
0.2495* -0.8787** 0.1229** 0. 0218 -O. o856 -0.0803 0. 1637** -0. 1041 
b2 
- - r � -0.1249* 0. 3142 -0. 0322 --- --- --- --- ---
Fat thick. 
�2 
-0. 0140 -0. 0915 -0. 0240 0. 0188 0.028L -0. 0513 0.007Q 0. 0059 
R2 0.01 - 0 . 22 0. 11 O.Oh 0.12 0. 11 0 . 22 0. 04 
Steers 
Mean 5 .994 19. 321 6 .741 6.668 6.774 18.406 7. 068 7. 143 
S.D. 1. 208 5 . 048 0.544 0.,510 1 .141 4.156 0.557 0.589 
Grade �1-, 0.3948H- -2. 1037** 0. 2325** o .o579 -0. 0657 -0. 3317 o-. 0643 -0.0995* 
b2 0 . 131()1-tf, -0.3830. --- ,. ,.,  --- --- -0. 2753 
Fat thick. �, 0. 0038� � -0.0043 _ -0. 0138 -0 .0038 -0.0086 -0. 0140 -0. 0174 0 . 0044 
R2 0. 13 0. 23 0.48 0. 03 0. 02 0. 07 0.03 0. 08 
a S .D .  = Standard deviation_. 
� 
sensory evaluation in both cuts. Apparently, there is an interaction 
·between cooking method and grade. 
Marbling. When marbling and fat thickneww were fitted in the 
model (Table V), 5 percent of the variation in tenderness of roasts 
from heifers and 8 percent from steers was explained. Marbling was 
I 
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po$1�ivel,y related to roast tenderness (b1 = 0. 244 and 0. 732 for heifers 
and steers, respectively). Marbling, in conjunction with fat thickness, 
explained only a relatively small amount of the -variation in tenderness 
of steak of steak also. The quadratic effect in the regression of tender­
ness of .. steak from heifers on marbling indicated .that the relationship was 
significantly' curvilinear (b2 • -0. 1962). 
Percent ether extract (EE) of 1. dorsi muscle. A section of the 
1. dorsi muscle one-inch thick taken at the 12th rib surface was ex-
tra�ted with ether to objectively measure the intramusc�ar tat content. 
Wh�n percent EE was fitted along with fat thickness in the .model, the co-. 
ef���i�nts were similar to those obtained when marbling was fitted in the 
model (Table VI) .• The percent of the variation in tenderness of both 
roasts and steaks of steers and heifers which could be attributed to 
va,r:ia�i?n in percent EE and fat thickness was quite small in all cases. 
The� partial regression coefficients, while positive, were small and not 
,,,, . ... . . . '. � 
significant. 
Subcutaneous fat thickness. The influence of fat thickness upon 
. . �-
taste-pane 1 tenderness score was assessed using three models in which fat 
thickness was fitted with either · grade, marbling or percent EE of the 
!• dorsi. The partial regression coefficients, in all cases, were not 
significant and were very small, indicating that the thickness of the 
Taste-
- ·P.ane1 
Tenderness 
Heil'ers 
Mean - . - - 6.245-- . 
S .D. a 
Marbling �l� 
- b2 Fat thick. b1 b2 
R2 
Steers Mean 
S.D. 
Marbling bl .  b2 
Fat Thick. b1 
� . :, 
1. 361 
0. 2444 ---
-0. 0098 ---
0.05 
5.994 
1. 208 
0. 1732 
0�1529 
0. 0058 ---
0.08 
TABLE V 
INFLUENCE OF MARBLING ANlJ FAT THICKNF,SS ON OHJANOLEPTIC 
PROPERTDS . OF RIB ROA.STS .AND CLUB _S� _ -
Rib !toasts M:u'6 gtealcs 
Warner-
Bratzler Taste- Taste-
� - Shear Panel Panel 
Value Juiciness Flavor 
... 
18-.-436 6�899 6.540 
�-3.444 o.522 0.544 
-0.8649** 0.1375** 0. 0333 --- ,.. --- ,._ ,.., ---
-O. lo60 -0. 0240 0. 0178 --- --- ---
0.18 -. 11 o.04 
19.321 6.741 6.668 
�. 048 o.544 o . 510 
-1.568()H, 0. 2556ff. o.0538 
-0. 2938.., ,.  --- ,. r ---
-0. 0330 -0.0007 o.0006 --- --- ---
0. 20 0.46 0. 02 
-
Taste-
Panel 
Tenderness 
6. 909 
1.128 
0. 0219 
-0. 1962* 
0. 0320 ... ---
0.11 
6.774 
1. 1.hl 
o.ai09 
. o.oa51 
-0.0079 
0.0029 
0.05 
Warner-
Bratzler 
. Shear 
Value 
16. 307 
3.814 
-0. 33.39 
o.5455 
-O. o634 ---
0. 10 
18.4o6 
4.156 
0. 1124 
-0.4128 
0.0008 ---
o.os 
Taste-
Panel 
Juiciness 
7 .049 
0.575 
0.1967** ---
0.0053 ---
0. 24 
7.o68 
0.551 
� -
0. 1317* 
-0.0062 -
-0. 0207 
0.0027 
0.09 
8Marb11ng-;;�-sc�r� using a 10 point seal� where 1 • devoid and 10 • abundant. 
Taste-
Panel 
Flavor 
1 . 001 
o.549 
-0. 0899 
-0. 0465 
0. 0011 ---
0 . 05 
7 - 143 
o.589 
-0. 0788 
0. 0498 
o. OOLa 
0.0005 
0. 08 
f\) °' 
Heifers 
Mean 
S.D. 
% ether ex-
tract of !· b1 dorsi muscle b2 Tatthick. b1 
b2 
R2 
Steers 
--- -
Mean 
S.D .. 
% ether ex-
tract of 1. 
dorsi muscle bl - b 
Fat thick. b� 
:� 
TABIE VI 
INFL�CE OF PERCENT ETHER EXTRACT OF EXCISED l,. DORSI MUSCLE AND FAT 
THICKNESS ON OOOANOLEPTIC PROPERTIES OF RIB RClA.sfsiND CLUB STEA.IS 
Taste-
Panel 
Tenderness 
6 .. 248 
1.361 
0.1270 ---
-0.0070 
0 .04 
5 . 994 
1.208 
0. 11.34 
0.0096 
-0.0263 ---
0.01 
18:'6 ffoasts 
Warner-
�atzler 
. Shear 
Value 
18.436 
J .444 
-0.4500* ---
-0.1158 
0.17 
19.321 
5 .048 
Taste-
Panel 
Juiciness � --- - -
6 .899 
0.522 
o.o656* ---
-0.0212 
0 . 01 
6.741 
o.544 
-0.8912** 0 . 11)7** 
0 .0562� - --- f">. "' 
0.0004 o .oo68 --- -�-
0 . 17 0 . 35 
Club Steaks 
Warner-
Taste- Taste Bratzler Taste-
·panel Panel . Shear Panel 
Flavor Tenderness Value Juiciness 
6.540 6.909 16.307 7 . 049 
o.544 1.128 3.814 0.575 
o.�51 0.1410 -0.5604* 0.1010** --- -0.0283 0.1180 ---
0.0122 0. 0290 -0. 0657 0.0062 
0 . 01 0.10 0.12 0 . 22 
6 .668 6. 774 18.406 7 .068 
0.510 1.141 4.156 0.557 
o . 065<>* 0.0375 -0.2237 0. 0503 --- ,, --- -0. 0201 
-0. 0055 -0.0273 0. 1357 -0.0152 
0.09 0.02 0 .04 0 .05 
Taste-
Panel 
Flavor 
7.007 
o.549 
0 . 0092 
-0. 0009 
-0.0013 
0.001 
7 .143 
o . 589 
-0.0508 
-0.0040 
0. 06 
N 
-.J 
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fat cover over the 12th rib has little, if any, influence on the tender-
ness of either roasts or steaks. 
Chemical Composition of Cooked Roasts and Steaks. The cores taken 
from the roasts for Warner-Bratzler shear (W-B) evaluation were retained 
after shearing and chemically analyzed to determine protein content and 
fat content. The combined effect of percent protein and percent EE of 
the . cooked rib roasts on taste-panel tenderness wa� evaluated {Table VII). 
The resulting R2 values of 0 . 09 for roasts from heifers and 0. 10 for 
roasts from steers indicate that variation in these two variables had only 
a ·��ight . influence on taste-panel tenderness scores. · The coefficient of 
partial regression (0 . 3109, P < 0 .05) ·of tenderness on percent EE of 
cooked roasts from steers certainly indicates a positive relationship be­
tween th,se two variables .  However, the corresponding relationship in 
rq��ts !rom heifers was not significant . Coefficients of partial regres­
sion of tenderness on protein content were negative but not significant , 
, ,  . ,.. 
The protein content and percent EE of the sheared cores of the 
cook�d club steaks also were examined for their effect on taste-panel 
tenderness rating ( Table VIII) � R2 values revealed that 18 percent of 
tqe variation in tenderness of steaks from heifers and 11 percent of the 
variation in tenderness of steaks from steers was explained by variation 
in these two components. The negative partial coefficients of regres­
s��n of �enderness on percent EE of steaks from heifers (b1 = -0. 0133) 
and ?f steaks from steers (bi = -0. 0420) indicate a weak relationship be­
tween fat content of cooked lean and taste-panel tenderness rating of . . . 
broiled club steaks $ 
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TABLE VII 
INFLUENCE OF CHEMICAL COMPOSITION OF COOKED RIB ROASTS ON 
OHGANOLEPTIC PROPERTIES OF RIB ROASTS 
Taste- Warner- Taste- Taste-
Panel Bratzler Panel Panel 
Tenderness Shear Juiciness navor 
Heiler• 
Mean 6. 248 18 0 436 6 0 899 6. 540 
S.D. 1.)61 3.444 0.,22 o.544 
% Protein of bl -0.1681 1. 0155
* -0.1777** 0.1462* 
cooked rib 
roast b2 
0.0879 -0.0.316 
%Ether ex- bl 0.0500 
0 . 5657 -0.0243 0.1640* 
tract of 
cooked rib b2 
0. 0454 0.0068 
roast 
R2 0. 09 0.31 0.20 0 . 13 
Steers 
Mean S. 994 19.321 6.741 6. 668 
S.D. 1.208 $.048 0.$44 0.$10 
% Protein of bl 
-0. 0359 0.6291 -0 . 0970H- -o.061S 
cookeq 'rib 
roast b2 -0. 0012 
0.1602 0. 0047 
%. Ether ex- bl 0 .3109* -0 0 4931 0. 0513** 0 ,0800 tract of 
cooked rib b2 o.ol.46 -0. 0150 0. 0043 
roast 
R2 0.10 0 . 24 0 . 41 0. 09 
TABLE VIII 
INFLUENCE OF CHEMICAL COMPOSITIC!l OF BROILED CLUB STFAKS 
CII ORGANOLEPTIC PROPERTIES OF CLUB STEAKS 
Re!:!'era 
% Protein of 
broiled club 
steak 
a, ,.a-
% Ether extract 
or broiled club 
steak 
Steers 
% Protein of 
broiled club 
steak 
% Ether extract 
of broiled club 
steak 
Taste-
Panel 
Tenderneaa 
Mean 6 , 909 
S .D. 1. 128 
bl -0. 1678 
b2 0 . 0465 
bl -0. 0133 
. b2 -0.0132 
R2 0.18 
Mean 6 ,774 
S.D .  1.141 
bl -0 . 2573* 
b2 0 . 0265* 
bl -0. 0420 
b2 0.0036 
R2 0 .11 
Warner� Taste-
Bratzler Panel 
· Shear Juicineaa 
16 , 307 1 . 049 
3 , 814 o.575 
o.8858** -0.1752** 
0, 0187 
-0 , 0783 0.0059 
-0.00.34 
0 . 22 0.31 
18. 406 7 , 068 
4 , 156 o . 557 
1. 0533** -0 . 2326ff. 
-0. 0768 0 , 0146-H 
-0.1628 -0.0348 
-0.0501 -0 . 0012 
0.18 0, 42 
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Taste-
Panel 
Flavor 
7 , 007 
o.549 
-0 . 0.367 
0.0184 
0.0026 
0. 0012 
o. 04 
7 ,143 
0.589 
-0. 0736 
0 . 0140* 
-0.0630 
0 . 0019 
0. 19 
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Warner-Bratzler Shear Value (W-B ) 
Grade. USDA carcass quality grade was fitted in a model along 
with fat thiclmess to study its influence on W-B of rib roasts (Table IV, 
p. 24 ) . The R2 values were 0 . 22 for roasts from heifers and 0. 23 for 
roasts from steers . Grade had a significant negative effect on W-B for 
hei�e�s :and steers, indicating a significant decrease in shear value as 
grade increased. 
For club steaks the R2 values were smaller (0. 11 for heifers and 
0.07 for steers). The relationship between grade and W-B values for steaks 
wa� �,ga.-tive also but weaker for both sexes than was the case with roasts. 
The relationship was curvilinear (b2 
• 0. 3142) for steaks from heifers. 
Marbling. When marbling was substituted for grade in the model, 
the R2 values were similar (Table V, p. 26). Coefficients of partial re­
gression indicated a highly significant negative relationship between 
�bl� and shear value of roasts from both sexes. The relationship be­
tween marbling and shear value of steaks was weaker. The partial re­
gression �oefficient involved was -0.3339 for steaks from heifers and 
0.11?4 for steaks from steers. The difference in the direction of the 
regressio� between heifers arid steers is difficult to explain. Apparently, 
th�re : f� an interaction between marbling and cooking method which causes 
th� results obtained with roasts and those with steaks to be different. 
i . i  ,_, . Percent Ether Extract of 1. Dorsi Muscle. Percent EE of the 1. 
dorsi muscle was combined with fat thickness to study its effect on shear 
- · ' 
value of , �oth roasts and steaks (Table VI, p. 27). The R2 values for 
roasts were the same (0.17) for both sexes. The negative relationship be­
t:ween . percent EE of !• dorsi muscle and ehear value was significant for 
heifers and steers. 
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2 Small R values were obtained for steak tenderness in both sexes . 
The negative relationship between percent EE of the !• ·� muscle and 
shear value was significant tor steaks and heifers . The positive quadratic 
term., however, indicates a curvilinear effect. While these two parameters 
were negatively related in steers also., the regression was smaller and curvi­
linearity was not indicated , 
Subcutaneous Fat Thickness. Carcass fat thickness was combined with 
either grade, marbling or percent EE of !• � muscle to evaluate its ef­
fect on W-� (Tables IV, V, and VI, pp , 24, 26, and 27., respectively). Fat 
thickness _did not have a significant effect on shear value of the roasts and 
steaks from either sex. Partial regression coefficients were small and in­
consiste�t, in sign. 
Chemical Composition or C ooked Roasts and Steaks , The errects of 
both pro�ein . and percent EE on shear value (Table VII, p. 29). The coetfi-
- .  
cients of determination were relatively �arge (0. 31 for heifers and 0. 24 for 
steers) • . The �elationahip between percent protein and shear value of heiters 
was siplifican� (b1• 1.0l55). Shear value appeared to increase with increas­
ing percent EE in roasts fro• heiters but to do the reverse in roasts from 
steers, l?�t _ _  ne�ther partial regression coet:f'icient was significan.t. 
The effects of percent protein and percent EE of broiled steaks are 
shown in (Table VIII., p. 30). The R
2 values were 0. 22 for heifers and 0. 18 
for steers. �e positive relationship between percent protein and shear 
value was highly significant in both sexes., indicating that cooked steaks 
which we�e _higher in protein were leas tender as indicated by the shear. 
Percent EE had non-signiticant negative eftects on shear values., but the 
direction of the regression would indicate that fat tends to have a desir­
able etfect on shear value. 
.33 
Juiciness 
�. Grade was found to have a significant positive effect on 
the juiciness of rib roasts from both sexes ( Table IV, p .  24 ) • The R
2 
values for roasts were 0.11 for he�fers and 0.48 for steers when grade 
was fitted in the model along with fat thickness. The relationship be­
tween grade and juiciness was significant and positive for roasts from 
both sexes. 
2 
F�r steaks the R values were 0.22 in the heifer analysis and 
0.03 in the steer analysis.  A significant positive relationship was 
f�µnd be�ween grade and juiciness of heifer steaks. The association 
bet!e•n these two variables in steers, while positive, was not signi-
Marbling. Marbling had al.most the same effect on juiciness as 
did �gr�de (Table V, p. 26). 
2 
The R values for roasts were 0.11 and 
o.�� 11,l. the heifer and steer analyses, respectively. The relationship be�··�� marbling and juiciness was significant and positive in both 
heifer� �d steers. There was a significant positive relationship be-
tween juiciness and marbling for steaks also in both sexes. Thus, in 
al� �a�es, :marbling was found to have a beneficial effect on panel 
. j��ines� scores. However, the quadratic term indicates that this 
reJa.���n�hip in steers is curvilinear. The coefficients of determina­
tion (R2) show that 24 percent of the variation .in juiciness of club 
steaks of heifers but only 9 percent of the variation in juiciness of 
club steaks of steers can be explained by changes in marbling and fat 
thickness. 
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Percent Ether Extract. Percent EE of the 1. dorsi muscle was 
significantly and positively related to juiciness of rib roasts from 
both heifers and steers (Table V, p. 26). The R2 values were 0.07 for 
heifers and 0.)$ for steers. The percent EE of the!· � muscle 
had a significant positive effect on juiciness of roasts from heifers 
and steers. 
For steaks the R2 values were 0. 22 for heifers and 0. 0$ for 
a�eers � . A  significant positive relationship was indicated for steaks 
from heifers and a smaller and non-significant positive relationship 
wae sh� for steaks from steers. 
Subcutaneous Fat Thickness. Fat thickness was fitted with either 
grade, marbling or EE of the!• � muscle in three models (Tables IV, 
V ,�d VI, pp. 24 ,· 26, and 27, respectively). The relationship between 
aubc�-tan•ous fat thickness and juiciness were . small . and not significant 
fq; go�h , roasts and steaks in both sexes. 
Chemical Composition of Cooked Roasts and Steaks. Percent pro­
t•�----�·nctpercent EE of the roasts were studied together to assess their 
effe�t on juiciness (Tables VII, p. 29 and VIII, p. 30) . The resulting 
2 R H •. value• for roasts were 0.20 for heifers and 0 . 41 for steers. The 
r�1-a�i�n,ship between protein content and juiciness of roasts was signi­
ficant in both sexes and indicated that an increase in protein content 
wa,� as,s.ociated with lower panel juiciness scores. A significant posi­
ti!' �iationship was found between percent EE of roasts and juiciness 
of roasts from steers. The R
2 
values were 0. 31 for . heifers and 0.42 
for steers, indicating that changes in these two chemical components 
explained a relatively high percent of the variation in jui�iness . 
There was a signifioant ne1ative relationship between protein content 
and juiciness of steaks, and this relationship was curvilinear in both 
sexes. There was a non-significant relationship between percent EE 
content and juiciness of steaks fro. both sexes. 
Flavor 
�.· The combination of grade and .fat thickness had . only' a 
· slight effect on flavor of both roasts and steaks .from both sexes 
(Table IV, p. 24 ) .  R values in all cases were quite small. 
There was a non-significant positive relationship between grade 
and flavor of roasts in heifers and steers. The coefficients of partial 
regression of fiavor on grade in club steaks were negative. In the case 
of steaks from steers, this regression was significant (b1 = -0 .099S). 
Marbling. Marbling had a positive but non-significant. effect on 
flavor of rib roasts and a negative but non-signi.f'icant ·effect on flavor 
o.f' club steaks. This was true for both hei.fers · and steers (Table V, 
p. 26). 
A different effect appears to be produced by the presence of intra­
auscular fat when cuts are cooked by roasting as compared to that pro­
duced when they are broiled. 
Percent Ether Extract. The percent. EE of the 1. dorsi muscle from 
the 12th rib section was found to have a positive effect on the flavor 
of rib roasts. In the case of steers this effect was significant (b
1 
= 
9. 06,0) . However, · because of the high cox-relation between per-
cent EE and .fat thiskness, in neither case when it was fitted with fat 
thickness in the model was much of the variation explained (7  percent in 
heifers and 9 percent in steers). The .relationship of the percent EE content 
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of the!• � to steak flavor was not significant in either sex. How­
ever, it is interesting to note that the association between this vari­
able and flavor in steaks from steers was negative . 
Subcutaneous Fat Thickness . The regression coefficients indica­
ting the effect of fat thickness on flavor were non-significant in all 
cases when fat thickness was fitted with either grade, marbling or 
pe�cent EE of!• � muscle. 
Chemical Composition of Cooked Roasts and Steaks. The combination 
of percent protein and EE of cooked roasts explained 13 percent of the 
variation in navor of roasts from heifers and 9 percent of the variation 
in flavor of roasts from steers (Table VII, p. 29). Percent protein was 
sipiticantly related to flavor of roasts from heifers as was percent EE. 
Prote� content of roasts from steers showed a negative but non-signifi­
cant relationship with flavor while percent EE, although positively re­
la��d was not significantly so . 
� : . 
The influence of percent protein and percent EE of the club steaks 
(Ta�le V+II, p. 30) on flavor was small (R
2 = 0 .04) for heifers and some-
wh�� larger (R2 .= Oa l9) for steers o The linear relationship between 
pr�tein _ �ontent and flavor 0£ club steaks was negative in both sexes . 
�! c�linear relationship was positive in both sexes but significant 
only in steers. The relationship between percent EE and flavor of club 
steaks was not significant in either sex (b1 a 0.0026 for heifers and 
0.06)0 for steers). 
II. INFLUENCE OF INDEPENDENT VARIABLES ON PHYSICAL 
SEPARATION OF RIB ROASTS AND CLUB STEAKS 
Percent Separable Fat 
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Grade. Carcass quality grades were fitted along with fat thick­
ness in the model (Table n) .  There was a positive but non-significant 
partial regression of percent separable fat on grade in the 9•10-llth 
rib roasts from heifers. This relationship was significant and positive 
for rib roasts from steers. Steaks from both heifers and steers showed 
a significant positive partial _linear regression of separable fat on 
grade. No significant quadratic effects were observed. 
2 
Marbling. R values obtained by combining marbling and fat thick-
ne�s were similar to those found using grade and fat thickness (Table X). 
�� linear relationship between marbling and percent separable fat was 
po�i�ive and not significant in roasts from heifers but significant in 
roasts from steers. In both cases the relationship was negatively curvi­
l�ear, but was -significant only- in roasts from steers. Positive rela­
tionships between marbling and percent separable fat of club steaks were 
indicated in both sexes. 
Percent Ether Extract. Percent EE of the !• � muscle (Table II) 
exhibited the same pattern as observed for marbling and grade. The rela­
tionship between percent EE of the !• � muscle and percent separable 
fat was significantly positive for roasts from heifers and positive but 
non-significant for roasts from steers. In the case of steaks, the rela­
tionship was significantly positive for heifers but only slightly posi­
tive and non-significant for steers . 
Re31er.a 
Grade 
Fat thick. 
Steers 
Grade 
Fat thick . 
TABLE IX 
INFLUENCE OF USDA DUALITY .ORADE AND FAT THICICNESS ON 
PHYSICAL SEPAR4TION OF 9-10-llTH 
RIB ROASTS AND CLUB STFAKS 
Roasts Steaks 
J J J J 
Separable Separable Separable Separable 
Fat Lean Fat Lean 
Mean 38 . 963 4.5 . 669 22.970 60.270 
S . D .  5 .849 4 .808 6 . 638 7 . 968 
bl 
0 .4377 -O . J.566 1 .6037* -0.776.3 
b2 -0. 0920 
bl 0 .5157** -0 . 3961** 0 . 2020 
-0 .1988 
b2 
R
2 
0 . 24 0 . 22 0. 24 0 . 05 
Mean .3.5 .701 46 .488 2.3 . �93 57 .838 
S .D. 9 . 31.3 1 . 852 7 . 346 10 .048 
bl 1 .4967** 0 . 0.5.59 - 1.1046* -1 .  7.546* 
b
2 -o.59.31* 
bl o. 7026** -0. 3913* .0 . 4212** -0 . 3383 
b2 
R
2 o • .53 o .48 0 . 36 0 . 2.5 
.38 
TABLE X 
INFLUENCE OF MARBLING AND FAT THICKNESS ON PHYSICAL 
SEPARATION OF 9-10-llTH RIB ROASTS AND CLUB STEA.JCS. 
Heil'era 
- . . . 
Marbling . 
Fat thick. 
Steers , 
Marbling 
Fat thick. 
Mean 
S .D .  
b '  1 
b2 
bl 
b2 
' 2  R 
Mean 
S .D .  
bl 
b2 
bl 
b "  
R2 
. l'loasis ' 
Separable 
!Pat 
38.963 
.r,� 
5 . 849 
0. 2899 
-0. 7502 
o . 4826H 
0. 28 
.35 . 701 
9 . 313 
1. 4188* 
-1 . 3E34** 
o.5546-H-
0.57 
Steaks ' ' 
Separable Separable 
lean rat 
45 .669 22 . 970 
4. 808 6. 638 
-0 .4054 1 . 9247** 
-0 .0959 
-0.3953** 0 . 2035 
0 . 22 0 . 24 
46.488 23 . 393 
7 . 852 7 . 346 
-1. 07.38 0 . 9595 
o. 8386 
-O.h577** 0. 5119** 
o .44 o • .34 
39 
' 
Separable 
Lean 
60. 270 
7 . 968 
--1. 3332 
-O. l.422 
o. oa 
57. 838 
10 . 048 
-1 . 8.337* 
-0.4478* 
0 . 24 
40 
TABLE XI 
INFLUENCE OF PERCENT !:THER EXTRACT OF EXCISED L. DORSI MUSCLE AND 
FAT THICKNF,SS ON PHYSICAL SEPARATICE OF 9-10-llTH 
RIB ROASTS AND CLUB STEA.KS 
Roasts �iealcs 
% % % % 
Separable Separable Separable Separable 
Fat Lean Pat IAlan 
11e1rera 
Mean 38 .963 45 . 669 22 . 970 6o. 270 
S .D .  5.849 4 . 808 6 .638 7.968 
% ether ex-
tract of -1. 
dorsi muscle bl 0. 7243* -o.5647* 1.3637** -0.637
2 
b
2 
-0. 0681 ·-0. 0934 
Fat thick. bl 0.4439** -0. 3247** 0 . 1863 -0.1693 
b
2 
R2 0. 29 0. 27 0.26 o . 06 
Steers 
Mean 35.701 46.488 23 . 393 57.838 
S . D .  9 . 313 7 . 852 7 . 346 10.048 
% ether· ex-
tract of 1. 
dorsi muscle bl o . 6410 -0. 2638 0.1103 -0. 0865 
b2 0.0404 -0. 0717 
Fat thick . bl o . 8435** -0 . 6701** o_. 5984** -0. 6362H 
b2 
R2 0�51 0 .40 0. 31 0.19 
hl 
Subcutaneous Fat Thickness. The relationship between fat thickness 
and percent separable fat was significant and positive in all three aodels 
(Tables IX, I and XI, pp. 38, 39, 40 respectively) for roasts from both 
heifers and steers. Thia was as expected since subcutaneous fat is the 
greatest contributor to the total separable fat of the 9-10-llth rib sec­
tion. , In .cl:ub steaks the relationship of fat thickn�ss to pei'oent sepa­
rable fat was positive in all eases but the coefficient of partial regres­
sion ?f p,x-cent separable fat on subcutaneous fat thickness was sipificant 
only in steers . Apparently, the contribution of fats, . other than subcu­
taneous !at, to the total separable fat of the club steak was greater in 
heifers than in steers. 
�e regression of percent separable fat on grade and on subcutaneous 
fat t�ckness are illustrated in Figures 1, 2, j and 4 which contain scat­
ter diagrams of these variables as measured in ro•sts from both steers and 
heifer• • 
. The currllinearity of the regression of percent separable rat on 
grade i� .!3learl.y shown in Figures 1 and 2. If a curvilinear function were 
actuall7 .fi�ted to these data, the curve describing it would undoubtedq 
have � .�um point in the vicinity of 12 (low choice) on the grade scale. 
Line� relationship is apparent in Figures J and 4 in which percent 
separable fat is plotted against fat thickness • .  That fat thickness has 
more influence on percent separable fat than does grade is quite apparent. 
Percent Separable Lean 
Grade. Both steers and heifers had a decreasing percentage of 
separable lean in the 9-10-llth rib as carcass grade increased, although 
these negative relationships were not aignifioant (Table 9, p. 38). These 
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relationships were negative also for steaks from both sexes, with steers 
showing a significantly greater decrease in percentage of separable lean 
as grade increased. In roasts from steers, there was a significant curvi­
linear effect. 
Marbling. Since marbling plays such a prominent role in determin­
ing car,�ass ,quality grade, the results obtained when marbling was fitted 
in the model were almost identical to those with grade as an independent ·� 
variable in the model in place of marbling (Table X, p. 39) . The coeffi-
cient� �f. linear regression of percent separable lean on grade and on 
marbling were negative in all cases, but the only significant one was 
that Qt. per.centage separable lean on marbling in steaks from steers. 
Percent· Ether Extract. The ether extractable portion of the ex­
cised 1. dorsi muscle should reflect objectively the degree of marbling -· 
observed in the intact cut and therefore be correlated with carcass 
quality grade. Thus, as expected, the coefficients of linear regression 
of all measures of separable lean on percent EE of the!• dorsi were 
negative ( Table XI, p. 40) .  However, the only one which was large enough 
to be significant was that of separable lean of 9-10-llth rib soasts of 
heifers. on percent EE of the !• � ·  
'. .  Subcutaneous Fat Thickness. Subcutaneous fat thickness was fitted 
along with . either grade, marbling or percent EE of the excised!• � 
muscle as an independent variable in three models (Tables IX, X, and XI, 
pp. 38, 39, and 40 respectively). The relationship between fat thickness 
and p�rc�nt separable lean was significantly negative for roasts in all 
three models for b oth sexes. It appears that subcutaneous fat thickness 
has a stronger negative influence on peroent separable lean of steaks 
4S 
from steers than on that of steaks tr011 heifers since the coefficients 
of linear regression of separable lean on fat thickness were significant 
in steaks from steers when fat thickness was fitted with marbling or per­
cent EE of the !• dorsi muscle, but no significance was observed for this 
infiuenoe in steaks from heifers in any of the models used. 
III. CHEMICAL COMPOSITION OF RAW CUTS 
• '  
Influence of Grade1 Marbling and Percent Ether Extract of L, Dorsi Muscle 
;on P.e�nt J'rot,ein o,f ·Cl�b St.eak ancl L. Dorsi Muscle 
When either grade, marbling or pepcent EE of the 1. dorsi muscle 
•. . -.:.· - ----
was combined with fat thickness, each had a significant negative effect on 
percent protein of the club steak in both sexes (Tables XII, XIII and XIV). 
Thus when grade was higher, that is, when marbling was aore prof.use or 
content of ether extractable materi�s increased, the protein .f'ract�on of 
the mixed separable fat and lean of the one-inch thick club steak decreased 
significantly. The �ariables determined by chemical analysis of the rib­
eye muscle had similar relationships to these variables. There was a de­
crease in the percent protein as grade, marbling or percent EE increased. 
All these relationships were significant except that between percent EE 
and. percent protein of rib eyes of heifers. 
Innuenoe of subcutaneous Fat Thickness on Percent Protein or Club Steak 
and L. Dorsi Muscle 
As. in the case of the percentage of physically separable components 
(fat and lean), there was a stronger correlation of subcutaneous fat thick-
. . 
ness with the chemically determined protein fraction or the club steaks 
from steers than with that of club steaks from heifers. As fat thickness 
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TABLE XII 
INFLUENCE OF USDA QUALITY GRADES AND FAT THICKN�S ON CHFJHCAL 
COMPOSITI<Jl OF . UNCOOKED CLUB STFAKS AND EXCISED 
f• � MUSCLE 
!iealcs I.:,. norei 
!I !I Ether !I ' !I Ether 
Protein Extract Moisture Protein Extract Moisture 
lle11'ers 
Mean 17. 21� 24.491 56 .640 21. 827 4.422 71 . 181 
S . D . 1 . 598 6. 132 4 .592 1. 102 . 2 . 336 1. 763 
Grade bl -0 . 438)** 1. 7)51** -1 .5656-H- -0. 3243** 1. 1552** -0 . 7634** 
b2 -0. 2889 -0 . 0950 -0. 0481 
Fat thick . b1 -0 . 0744 0 . 3221* -0. 2717** -0 . 0556* 0 .0550 -0. 043, 
b2 0. 0119* -0 .0170* 
R2 0 • .32 o.;1 0 • .$0 0 . 27 o . 68 0 .49 
Steers 
Mean 17 . 6.$1 22 . 9.$6 58 . .$19 21. 7.$3 3 . 971 72 . 094 
s .• D .  1 . 594 7 .04.3 5 .566 o. 699 2. 626 2. 141 
Grade bl -0. 3868-H 1. 9078** -1. 1049** �0. 3909** 1. 14,.3** -0. 9601** 
b2 -0. 0691** 
Fat thick . b1 -0. 0988** o.4.599** -0. 3980** 0. 0141 -0 . 0198 -0. 0019 
b2 
0 . 004.$ . -0. 0184** 
R2 0. 61 0. 72 o .,a 0. 36 0. 60 0 .61 
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TABLE XIII 
INFLUENCE OF MARBLING AND FAT THICKNESS 00' CHEMICAL COMPOSITICJI OF 
UNCOOKED CLUB STEAKS AND EXCISED ·t. DORSI MUSCLE -
!teaks t. 15orai , 
% % Ether % % % E-Eher 
Protein Extract Moisture Protein Extract Moiature 
Heifers 
Mean 17.219 24. 491 56.640 21.827 4.422 71.181 
S. D. 1.598 6.1)2 4.592 1.102 2.338 1. 763 
Marbling bl -0.4571� 2. 1745** -1.7288** -0. 2947** 1. 37.36* -0. 6526-H-
b
2 
-0. 1555* -0. 0429 · -0. 0880 
Fat thick. b1 -0.0785* 0. 3129* -0. 2747** -0.0416 o. 0452 -0. 0378 
b2 0. 0105* -0. 0167* 
R2 0.29 0.50 0.48 0.27 0. 71 o. 52 
Steers 
Mean 17.651 22.956 58.519 21. 753 3. 971 72.094 
S .D. 1.594 7.043 ,.566 0.699 2.626 2. 141 · 
Marbling b ' l -0.4404** 2.126)** -1.2714** -0.3026-H- 1.4227** -1. Q482H 
b2 -0.070.3 
.,. __ 
Fat thick. b1 -0.1184** o.5641** -o.4539** 0.0059 0. 0265 -0. 0556 
b2 0.0056* -0.01.,2* 
R2 0.68 0.71 0.58 0.34 o .67 0. 61 
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TABLE XIV 
INFLUENCE OF PERCENT ETHER EXTRACT OF L. DORSI MUSCLE AND FAT THICKNESS 
ON CHEMICAL COMPOSITION OF UNCOOiEDcLUB STEAKS AND 
lieI?ers 
Mean 
S . D .  
% ether ex- bl tract of 1 .  
dorsi muscle b
2 
Fat thick . bl 
b
2 
R2 
Steers 
Mean 
S .D .  
% ether ex- bl tract of 1 .  
dorsi muscle b
2 
Fat thick. bl 
b2 
R2 
EXCISED L. DORSI MUSCLE --
!tei1ca f:. J5ora!: 
Other % !i 
Protein Extract Moisture Protein Moisture 
17 . 219 24.491 56.640 21.827 71.181 
1 . 598 6 . 132 4 , 592 · 1.102 1 . 763 
-0.3403** l.7810H- -1.1942** -0. 1058 -o.58� 
-0. 0892 -0 . 0206 -0.0118· 
-0. 0618 0.2866-H- -0. 2315** -o. 0454 -0.0091 . 
0.0117* -0 . 0130* 
0 . 37 o . 58 o .56 0.26 o .  70 
17 .65 1  22. 956 58.519 21.753 72.094 
1.594 7.043 5 .566 o.699 2 .141 
-0.1663** o.8213** -0. 3684 -0.1649** -0 . 695SH 
-0.0058 
-0.1352** o.6491** -o.527.5** 0 . 0170 -0 . 0401* 
o.oo9S** -0 . 0060* 
0. 63 o. 64 o . 53 0. 37 o . 85 
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increased, there was a significant decrease in the percentage of protein 
according to analyses based on all of the statistical models, { Tables XII, 
XIII, and XIV, pp. 46, 47, and 48, respectively),! There was also a signi­
ficant curvilinear effect indicated by the quadratic term in the models 
used in the analyses of data from steers . The only b1 value which attained 
signif�cance tor this independent variable in heifers was when it was .. . ,., � 
fitted nth marbling in the model, and although it was significant, it was 
smaller than the corresponding regression coefficients found in the analy­
ses of data from steers. No indication of curvilinearity was found in the 
data from heifers. 
! 
The. association between subcutaneous fat thickness and protein con­
tent of the excised!• � muscle was examined (Tables XII, XIII, and XIV) . 
In heif�rs th� regression of percent protein content on fat thickness was 
negative in ail oases but not significant. However, a significant curvi­
linear effect was indicated in all models. Very small and non-significant 
values were obtained for the coefficients of partial linear regression of 
protein content of rib - eye from steers on fat thickness. 
Influence of Grade1 Marbling and Percent Ether Extract of L. Dorsi Muscle 
on Percent Ether Extract of Club Steak 
The results of combining either grade, marbling or per9ent � of 
the 1. dorsi muscle with fat·· thickness as independent variables in models 
to study their effects on percent EE of club steaks are prese�ted in 
Tables .XII, . IIII, and XIV. Combining any one of these three variables with 
fat thickness explained a high percentage of the variation in the chemi­
cally determined percentage in club steak. There was a significant posi­
tive partial linear regression or percent EE on each of these variables 
which, on ! priori grounds, wQuld be expected to be strongly influenced 
by fatness. In heifers the association appeared to be curvilinear. 
,o 
Influence �of Grade and Marbling on Percent Ether . Extract of L. Dorsi Muscle 
The influence of grade or marbling on the percent EE of the!• dorsi 
muscle was significant in both sexes (Tables XII and XIII, pp. 47 and 48 ) .  
The partial linear regression coefficie�ts indicate that tor eac� on•�third 
� ;·· " • •• > ,... ' . 
• 
of a qulaitr grade increase in heifers, _ the �at content of the rib eye in­
crease�. about, , 1. 16 percent. In steers one-third grade increase caused the 
fat cont�nt �! the rib eye to increase about 1. 15 percent. Marbling scores 
showed vary similar relationships to the chemically extractable fat of the 
rib eye. In heifers one unit increase in marbling score was accompanied by 
about 1. 37 percent increase in percent EE of the!• � while in steers 
the co���o�g increase was about 1.42 pe�ent. 
Influence of Subcutaneous Fat Thickness on Percent Ether Extract of Club 
Steaks and or L. Dorsi Muscle 
Subcutaneous fat had a significant influence on the percent EE of 
the mixed separable fat and lean from the olub steaks of both heifers and 
steers (Tables XII, XII, and XIV, pp. 46, 47 and 48). 
Fat thiclmess also was combined with either grade of :marbling to 
study its effect on percent EE of !• � muscle ( Tables XII and XIII). 
Fat thicknese ·had a small positive effect on percent EE of the!• � 
muscle in both models for heifers and steers. 
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Influence of Grade, Marbling. Percent Ether Extract of L. Dorei Muscle 
and Subcutaneous Fat Thickness on Percent Moisture of Both Club Steak and 
L. Dorsi Muscle 
In the meat animal carcass there is an inverse relationship between 
fat and moisture. This relationship is borne out in the results of this 
study by the finding of a negative regression of moisture content on any 
variable which reflects the fatness of the carcass (Tables XII, XIII and 
IV, pp . 46,47, and 48 ) .  
IV. INFLUENCE OF INDEPENDENT VARIABLES ON CHEMICAL COMPOSITION 
. . 
OF COOKED CUTS (RIB ROASTS AND CLUB STEAKS ) 
Percent Protein Content 
Grade2 Marbling and Precent Ether Extract of the L. Dorai muscle. 
When either grade, marbling or percent EE of the!• � muscle was com­
bined with fat thickness in a model to study their influence on protein 
content of cooked roasts, such an influence of these three variables was 
found �o be significant (Tables XV, XVI and XVII). The relationahip of 
the above-mentioned variables with protein content of the cooked roasts 
was neg��ive for both heifers and steerso 
The influence of either grade, marbling or percent EE of the!• 
dorsi �uscle on protein content of cooked steaks when combined aa inde-
pendent variables in a model with fat thickness showed the same signifi­
cant negative influence as was observed in the case of cooked roasts. 
Subcutaneous Fat Thickness. Fat thickness was combined, as stated 
above, as an independent variable in a model with either grade, ·marbling 
or percent EE of the 1. dorsi muscle to study its effect on protein con-. - -
tent of cooked roasts and steaks (Tables XV, XVI and XVII) . 
Helfer• 
.:. Mean· 
S .D. 
Grade bl 
b
2 
Fat thick. bl b2 
R
2 
Steers 
Mean 
S .  D. 
Grade b ·:l . b2 
Fat thick. bl b2 
R2 
TABLE XV 
INFLUENCE OF USDA QUALITY GRADES AND FAT THICKNESS ON CHEMICAL 
COMPOSITION OF COOKED RIB ROASTS AND CLUB STEAKS . 
__ Rib_. Roasts Club Steaks ,--. !& __ Ether j J .J Et.ber !I 
Protein Extract Moisture Protein Extract Moisture 
28-. 864 . 9 . 03·9 60.210 28.-913 7 .809 61. 140 
-1.556 J .576 . ? . 862 1.,870 3.596 3. 406 
-0.$691** 2 . 0146H- -1. 2077** -o .. : .341.h* 1 . 3587** -1 . 0242** --- 0. 1840,. 
-0. 0.343 0. 07 47 -0. 0267 -0. 0521 0. 1573* -0. 1142 
0.39 0 .67 o.4
6 0 .13 0.50 0. 31 
29. 382 8 .4eu 60. 082 29 .553 T.05h 61.129 
· 1.796 4 . 049 J . 155 2. 331 2.960 2 .883 
-0.5172** 1.4735** -1 .• 3�57** �0.6125* 1 .1206ff · -0.7099** --- --- -0. 1681 -0. 1225 --- � - --.- . .  
-
-0. 0092 0 .0796 -0.0859 -0. 0167 0. 0363 -0. 0408 --- ---
0. 31 . .  0.58 0.44 0 .10 o .57 0.27 
\n 
I'\) 
Beller• 
Marbling 
Fat thick. 
� ,. _  
Steers 
1farbling 
Fat thick. 
Mean 
S .D. 
bl b2 
bl b2 
R2 
Mean 
s.n. 
bl b2 
bl b2 
R2 
TABLE XVI 
INFLUENCE OF MARBLING AND FAT THICKNESS Cti CHEMICAL COMPOSITIC!i 
OF. COOKED RIB ROASTS. AND CLUB STEA.IS 
ltoaats 
!I j �er . %  % 
Protein Extract Moisture Protein 
28.864 9.039 60. 210 28. 913 
1.556 3.516 2. 862 1.870 
-0.696lff 2 �0229** -l. 3l59H -0.4760H --- 0.1090 --- --- - -
-0.0271 0.0625 -0. 0311 -0.0406 
0.42 0.64 0.42 0. 16 
29. 382 8.404 60. 082 29. 553 
� 1. 796 )i.049 ).155 2.331 
-0.6078H 1.8917** -1. 2896*-lt -0.4959* --- --- -0. 1727 -0.1159 
-0. 0340 0 .1323* -O.lll6 -0.0198 
0. 32 o .65 . ... 0 .49 0. 10 
�tealca 
% ltiier 
Extract 
1 . 609 
3.596 
1. 6104** --- - -
o.lhf5* 
0. 52 
7. 054 
2 . 960 
1 .Jio.35H-
o.0803* 
0.63 
' 
% 
· Moisture 
61. 140 
3.406 
- 1.1316*-w-
-0. 1161 
0. 30 
61. 129 
2. 883 
-0.8363**-
-0. 0745 
0. 28 
\1\ w 
TABLE XVII 
INFLUENCE OF PERCENT ETHER EXTRACT OF L. DORSI MUSCLE AND FAT THICZNESS 
llirfera 
..... ·- - - _.,. 
% ether extract of 
excised !· � 
muscle . .  � ,. .,._  ----
Fat thick. 
.... 
.Steers 
. .  � -
% etner •xtract or 
exciaed 1. dorsi 
muscle -.. ...  - .. - ·  
Fat thick. 
ON C�CA.L C())WQSITIO:W 9� . CoodD ltffiROAsTS_AND CLUB STEAKS 
___ ________.__·__..,______._·-·- -
·M91.n · -
S.D. 
b 
sl· 2 
bl 
b2 
R2 
Mean 
S.D. 
b -:1 
b2 
bl 
b2ir 
R2 
loaaG 
· :&-· · _)· Ether 
Protein __ _ _  Brtract 
28·;864 9.039 
1.556 3.576 
0-.3458H 1. 2377** --- 0.0377 
-0.0.385 0.0251 
0 • .34 0.76 
29 .)82 8 .404 
· L796 4 .049 
-0. 2912 .... 1�1)69** 
--- ---
-0.0478 0. 1327 .... --- --- ,. � 
Q. 28 0. 74 . 
R�itis . 
j :i :i Ether 
Moisture Protein Extract 
60. 210 28 .913 1 . 809 
- 2 .862 1.870 3. 596 
-0.9511** -0. 2684** 1.0837** 
0. 0107 -0.0373 0. 1124 
0.59 0.17 0.62 
60.082 29.553 1.054 
.) . 155 2 . 33r 2 .960 
-0.7919** -0.�1* o. 8447** 
-0.0004� - 0.0032-
-0.0765 0.0097 0.080b* 
0.,56 .. 0 . 14  . 0. 72, 
' 
Moisture 
61. 140 
3.406 
-0.8089** 1 
-0 •. 0821 
0,. 38 
61. 129 
2 .88) 
-0.4380H-
-0.0867 
0. 27 
\I\ 
i:-
,, 
The regressions, for the most part, were negative, small and non­
significant in both roasts and steaks from both sexes. The one exception. 
is the small but positive relationship between fat thickness and the pro­
tein content of the steaks from steers when fat thickness was fitted into 
a model with percent EE of the uncooked .!• dorsi muscle. 
Percent Ether Extract Content 
Grade, Marbling and Percent Ether Extract of 1. Dorsi Muaole. There 
was a significant positive relationship between eithe� carcass quality 
grade, marbling or percent EE or the rib eye and chemically determined fat 
content of cooked roasts and steaks from both sexes (Tables XV, XVI and 
XVII, pp. 52, 53 and 54, respectively). Thus, cuts which had a higher de­
gree of. fat in the raw muscle, whether by subjective appraisal or by chemi­
cal determination, had the higher fat content on the "as eaten" basis. 
Subcutaneous Fat Thickness. Fat thicknees was combined in models 
with e�ther grade, marbling or percent EE or the !· � muscle to study 
its effect on percent EE of cooked roasts and club steaks (Tables XV, XVI 
and XVII). The association between fat thickness and fat content of the 
cooked product was positive. In general, the regressions refiecting these 
relationships were significant. 
Percent Moisture Content 
Grade, Marbling and Percent Ether Extract of l. Dprsi Muscle. Ob-
servations which reflect a higher tat content of the raw product were 
shown to . have a significant negative influence on moisture content of the 
·cooked product, whether cooking was by roasting or broiling (Tables XV, 
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XVI, XVII, pp . 52, 53 and 54, respectively). Comparisons between the 
mean fat and moisture contents of uncooked 1. dorsi and cooked samples -
taken from roasts as well as steaks show that upon cooking there was an 
increase in the percentage of fat in the muscle and a decrease in the 
moisture content . There was slightly more fat and less moisture in roasts 
than in steaks . 
Subcutaneous Fat Thickness. Subcutaneous fat thickness, when 
fitted .as _an independent variable in the model with - either grade, marb­
ling or percent EE of the rib eye, did not have a significant effect on 
moist�e �o�tent of either cooked roasts or steaks (Tables XV, XVI and 
XVII) • .. �t should be reiterated here that, upon fabrication and prior to 
cooking, . �he subcutaneous fat was trimmed to a uniform thickness . However, 
the fat thickness used in the statistical analysis was that taken on the 
carcass over .the 12th rib surface when the carcasses were selected in the 
packing company's coolers. 
V. CONCLUSI<JiS 
Bec�use of various striking inconsistencies in the results of the 
many s.J)&lyae� conducted, relatively few definite conclusions can be drawn 
with confidenQe from the research reported herein. However, there was 
sufficient consistency with respect to certain points to permit concluding 
that USDA quality grade and marbling cannot be used effective� to pre­
dict the_ degree of eating satisfaction experienced by the consumer. Sub­
cutaneous fat thickness had little or no effect on beef eating quality. 
Thus, on the basis of the results obtained in this study, it definitely 
appears urmecessary and unwarranted to feed cattle beyond the "finish" 
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point of CB:ttle presently graded "good." Carcasses from such cattle pro-
vide beef which is not only of acceptable eating quality but also of 
higher protein content than beef from carcasses grading higher on the pre­
sent USDA grading scale. Grading procedures should be revised so that if 
adjectives such as "good" or "choice" are used to describe the grades, 
they would pertain also to the eating quality of beef from the carcasses 
so graded. 
CHAPTER V 
SUMMARY 
Sixty-eight steer carcasses and 67 heifer carcasses from a local 
packing plant were used to study the relationship of amount of intra­
muscular and subcutaneous fat to various physical and chemical properties 
and eating qualities of beef. Steer carcasses ranging in USDA grade frOlll 
high choice · to high standard and heifer carcasses ranging from high to low 
good were inc�uded. One to 9 carcasses of each one-third grade class in 
each s�x representing the subcutaneous fat range normally found in each 
one-thi� _grade class were selected. The left side of each carcass was 
studied. 
:!'he combination of subcutaneous fat thickness fitted as an indepen­
dent v�iabie in a model along with either grade, marbling or percent 
ether extract _ (EE) of the !• dorsi mwscle explained only a relatively 
small amoun� of the variation in the properties of rib roasts and club 
steaks. ,, These variables tended to be more highly associated with varia­
tion in juiciness than with any other organoleptio property studied . In­
creases; �n grade, marbling or percent EE of 1• dorsi muscle had a bene­
ficial, , though slight and somewhat inconsistent, effect on practically 
all aspec�s of eating quality. The strongest relationships were found 
between these variables and juiciness while the relationships between 
the tenderness of steaks and these variables were only slight. Fat . .  ,,. .. 
Thickness .. had no significant effect on the eatina . quality of beef . In 
roasts fro� both sexes, percent separable fat was influenced more b7 fat 
i ·· . ' 
thickness· than by"grade. 
,a 
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Marbling, grade or percent EE 0£ !• dorei muscle tended to have 
a significant negative effect on both percent protein and moisture con­
tent of cooked roasts and steaks. 
The analyses of chemical composition variables 0£ cooked roasts 
showed, in general, a negative relationship between taste-panel scores 
and percent protein and a positive relationship between taste-panel 
scores an� percent ether extract. In broiled steaks these relation­
ships were inconsistent . 
It was concluded that USDA quality grade and marbling cannot be 
used effectively to predict the degree of eating satisfaction experienced 
by the consumer. 
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